Abstract. Nickel and molybdenum are important strategic metals, but ore mining of nickel and molybdenum has caused serious pollution to the surrounding environment. Based on the comprehensive survey of nickel-molybdenum mining area in Cili County, Hunan province, the pollution situation of nickel-molybdenum mining area has been analyzed from two aspects of mining pollution, pollution processing enterprises, and then the mathematical model has been established to calculate the production scale of Ni-Mo ore. As a result, the production scale of ni-mo deposit is 102180 tons/year, as a reference for relevant administrative departments to formulate development plans of Nickel and Molybdenum industry.
Introduction
Nickel (Ni), molybdenum (Mo) which have been widely used in the fields of national economy and national defense, are important strategic metal, and they are also the main ingredient or additive of advanced structural materials and functional materials due to their unique physical and chemical properties [1] [2] [3] [4] [5] . Ni-Mo deposit is a kind of special polymetallic complex ore resources in China, the Ni-Mo deposit in Zunyi and Northwest Hunan which has the characteristics of large reserves and high grade, has important economic value [6, 7] . Zhangjiajie in Hunan where the carbonaceous shale has high content of Ni and Mo is rare native high-grade Ni-Mo deposit of the world [8] . The content of Ni and Mo in Zhangjiajie is much higher than the grade of industrial mining; however, this mine has been recognized as much difficult to separate [9] [10] [11] . Environmental protection bureau of Hunan province has approved six Ni-Mo beneficiation projects which used new craft, new technology in Zhangjiajie, however, Ni-Mo beneficiation enterprises which have put into operation have suspend production for rectification in the year of 2012, due to these enterprises cannot reach the acceptance requirements of "three simultaneous" and caused serious pollution to the surrounding environment [12] . Statistics show that the emission of wastewater for most enterprises did not meet the emission standards; therefore, the government of heavy metal pollutants has become essential. What's more, the economy of Cili County has formed a more mature industrial pattern currently. In this paper, we will do environmental impact post-evaluation for Ni-Mo Ore industry in Cili County, not only to grasp the environment status surrounding, but also to find the main problem exist in Nickel and Molybdenum development, and then give an development suggestion for sustainable development of Nickel and Molybdenum in Cili County.
Environmental Situation of Ni-Mo Ore
As we mentioned above, Ni-Mo Ore industry in Cili County is facing a serious environment situation, in this part, we will give a detailed description of environment pollution caused by Ni-Mo Ore industry, according to the two production modes of Ni-Mo Ore industry and environmental factors, as waste gas, waste water and waste residue.
Mine Pollution
A significant environment pollution of Ni-Mo Ore industry is come from mining process, since hole-mining as the only technique. Concrete embodiments of mine pollution are as followed. Firstly, the pollution of surface water has been caused by acidic waste water, comes from mining process, as well as the damage of underground water system caused by hole-mining, and then the pollution of surface water has seriously affected the drinking water of human and livestock and irrigation. Secondly, the mine waste dumps and mining process will lead to ecological damage. Thirdly, mine waste residue can produce a large number of poisonous and harmful gases when tailings happen spontaneous combustion, which heavily polluted the environment. Above all sorts of reasons, mines pollution has caused serious impact to drinking water of people and livestock, farmland irrigation water and vegetation, as well as serious threat to human living environment quality, life, and property safety.
The environmental impact post-evaluation investigation revealed that, in the range of mining area, heavy metals (Ni, Cd, As, Pb, Cr) in water environment are far beyond the national and regional standards, the most serious metal pollution is of Cr, 13 times the maximum safe level, and the least is Pb, about 2 times the maximum safe level, the main heavy metals beyond standard are shown in Table 1 . 
Processing Enterprises Pollution
Waste gas, waste residue and waste water are the three main environmental pollution factors which produced in processing of Ni-Mo ore, and would lead to serious pollution to the surrounding ecological environment.
Environmental Problems Caused by Waste Gas
The influence of ecological environment which caused by the emission of waste gas of Ni-Mo beneficiation enterprises is mainly from SO 2 , soot, and ammonia gas with organized and non-organized in processing. Tail gas which contains SO 2 and NH 4 was discharged by enterprises, has increased the concentration of SO 2 and NH 4 in the air, as a result, it would affect the normal growth of crop, as well as caused a direct threat to the health of animals (including human beings) in the surrounding environment. The lead effects caused by waste gas are mainly chronic and accumulative. It will have a significant impact on the normal growth and development, when the enrichment of lead in the human body or animal and plant is happened, as well as others metal pollutants.
Environmental Problems Caused by Waste Water
The harmful heavy metals in the ore bodies and slag have caused pollution because of the direct emission of waste water in the processing of ore washing; on the other hand, it also can cause pollution of water sources through the leaching into the surface water and groundwater. At present, the waste water discharged by the enterprise has made seriously overweight of the surrounding surface water and groundwater cadmium and nickel.
Environmental Problems Caused by Waste Residue
Solid waste which produced by the mining and processing of Ni-Mo deposit mainly contains leaching slag, phosphorous arsenic slag, slag, dust and sewage treatment residue (The leaching slag, phosphorous arsenic slag and sewage treatment residue are hazardous waste residue). If these waste residues are not properly disposed, they will cause pollution to the surrounding environment, soil and groundwater environment.
Situation of Water Function Areas
In order to understand the progress of remediation of heavy metals and promote the development and utilization of Ni and Mo mineral resources, the Environmental Protection Agency of Cili County has tracked monitoring the water environment quality of key areas monthly since June 2015.
Monitoring results showed that the water quality of Yongan Bridge of Cili, etc. conformed to the third standard of Quality Standards for Surface Water, the water quality of these places are generally excellent, and they also have a certain environmental capacity of pollution.
Based on the existing hydrological data and local conditions, the heavy metal environmental capacity of surface water is calculated by the zero dimensional model [13] . /s, the water area is abundant, and is set to 0; As a result, the environmental capacity of major pollutants in the polluted water bodies of Ni-Mo enterprises is "The number one area" with Ni 0.946 t/y, Pb 18.922 t/y, Cr 21.76 t/y, As 22.801 t/y, Cd 1.892 t/y; "The number two area" with Ni 7.096 t/y, Pb 18.922 t/y, Cr 21.76 t/y, As 23.415 t/y, Cd 1.892 t/y.
Prediction of Industrial Development Scale
Ni-Mo ore mining is the main factor to the environmental pollution according to the assessment results of water environmental quality of Ni-Mo industry. The pollution coefficients of main characteristic pollutants in the emissions of heavy metal waste water about Ni-Mo deposit mining in Cili county were as followed: Ni 0.163 g/t, Pb 0.0053 g/t, Cr 6+ 0.003 g/t, As 0.046 g/t, Cd 0.0035g/t. According to the formula (2), Ni-Mo industrial development scale was calculated by environmental capacity of the status of polluted water body.
MP: production scale of Ni-Mo industry million, t/y; M i : environmental capacity of heavy metal i, t/y; K i : Pollution coefficient of heavy metal i in the production process of Ni-Mo Industry, g/t; Result shows that according to the present situation of water environmental capacity, the production scale of ni-mo deposit in Cili County should be 102180 tons/year, or it will cause environment problem for the water.
Conclusion
In this paper, the following conclusions were drawn based on the status investigation of nickel-molybdenum mining in Cili County and the mathematical model which used to predict the scale of industrial development.
(1) The pollution situation of Ni-Mo deposit was mainly caused by mine pollution and processing enterprises pollution of Ni-Mo deposit, and waste gas, waste residue and waste water which produced in processing of Ni-Mo deposit has caused serious pollution to the surrounding ecological environment.
(2) For the regional water protection, the production scale of ni-mo deposit should be 102180 t/y based on the present water carrying capacity.
